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US	  Plans	  towards	  a	  Large	  Liquid	  
Argon	  Detector	  for	  LBNE	  
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LArTPCs	  are	  ideal	  detectors	  for	  electron	  neutrino	  appearance	  
and	  host	  a	  broad	  program	  of	  physics	  beyond	  this	  

• High	  efficiency	  for	  signal	  events	  
• Excellent	  background	  rejec0on	  
• Capability	  to	  use	  CC	  inclusive	  sample	  

• Addi0onal	  physics	  augment	  this	  program:	  	  Proton	  decay,	  Supernova	  searches	  	  

Wide	  band	  beam	  approach	  
works	  best	  with	  LArTPCs	  	  

Experience	  designing,	  building,	  opera0ng,	  and	  analyzing	  neutrino	  data	  
from	  these	  detectors	  most	  recently	  from	  ICARUS	  and	  ArgoNeuT	  

Led	  to	  well	  advanced	  Conceptual	  Design	  for	  LAr40	  

Conceptual	  Design	  for	  LArTPCs	  for	  underground	  physics	  is	  based	  on	  
extensive	  Engineering	  Development	  program	  
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New	  hand	  scan	  using	  standard	  LBNE	  LAr	  tools	  
LArSo[	  simula0on	  and	  reconstruc0on	  

Underway	  now	  

First	  results	  confirm	  assump0ons	  used	  here	  
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For	  example:	  	  Preliminary	  results	  of	  efficiency	  vs	  energy	  
from	  simulated	  LArTPC	  events	  in	  an	  LArTPC	  using	  

LArSo[	  tools	  
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Oscilla0on	  Sensi0vity	  
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Development	  of	  fully	  automated	  simula0on	  and	  reconstruc0on	  has	  been	  
significant	  in	  the	  last	  couple	  of	  years	  but	  is	  s0ll	  evolving	  

Conserva0ve	  es0mates	  of	  detector	  performance	  have	  been	  used	  to	  
determine	  sensi0vity	  to	  oscilla0on	  physics	  	  	  



SuperNova	  Sensi0vity	  and	  Proton	  Decay	  
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LArTPCs	  are	  electron	  neutrino	  filter	  

Unique	  signature	  tags	  hierarchy,	  for	  
example,	  for	  one	  par0cular	  0me	  slice	  

LArTPC	  efficient	  in	  detec0ng	  
proton	  decay	  	  in	  νK	  mode	  (and	  

others)	  
Many	  other	  modes	  to	  explore!	  



Technical	  Design	  
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Well	  advanced	  design	  for	  underground	  or	  near	  surface	  opera0on	  

While	  this	  technology	  is	  challenging….	  

Detector	  design	  is	  beyond	  R&D	  with	  experience	  designing,	  fabrica0ng,	  and	  
opera0ng	  detectors	  –	  Development	  program	  towards	  LAr40	  underway	  



Integrated	  Development	  Ac0vi0es	  

FNAL Test Stands  

single	  
stack	  
7	  m	  

support	  rail	  
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	  Field	  cage	  

LAr Purity 
Demonstrator  

MicroBooNE 
(2013) 

Membrane Wall  

35t Membrane Cryostat 
(2012)   

800t TPC 
(2014)  
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Jon	  Urheim	  



LAr	  Purity	  Demonstrator	  
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• LAPD	  has	  now	  run	  its	  liquid	  through	  the	  filters	  and	  con0nues	  to	  take	  data	  
• Now	  measuring	  life0mes	  >	  5	  ms	  a[er	  8	  volume	  exchanges,	  and	  s0ll	  rising	  

(1.4	  ms	  is	  needed	  for	  the	  LBNE	  dri[)	  
• Next	  goal:	  	  Maintain	  5ms	  purity	  for	  several	  weeks	  
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Conceptual	  Design	  for	  LArTPCs	  for	  underground	  physics	  is	  based	  on	  
extensive	  Engineering	  Development	  program	  



•  LArTPC	  for	  ν-‐Experiments:	  	  
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  ArgoNeuT:  2009-10 @ NuMI-LE (FNAL) - [small LAr-TPC] 
        Status: run completed  

 (publications from data analysis in progress) 

  ICARUS T600:  ≥ 2010 @ CNGS (LNGS) - [first large LAr-TPC] 
 Design Study &Tech. Proposal 1995-96 

   Detector construction 1997-2001 
 Test on surface (T300 unit): May-Aug 2001 
 Transportation to LNGS: Nov.’04-Jan’05 

      Status: running  

  ICARUS 50 lt:   1997-98 @ WANF (CERN) - [small LAr-TPC] 
        Status: run completed  

 (data analysis published in 2005- Icarus-Mi U. Collab)    

F.	  Cavanna	  from	  SciCap	  Review	  



•  ICARUS	  -‐	  T600	  
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Fully	  reconstructed	  atmospheric	  ν-‐event	  

ICARUS	  T600	  is	  running	  since	  Jun’10	  

The First large LArTPC 
built and operated underground

Physics	  results	  (CNGS	  ν-‐beam	  and	  atm.	  ν)	  are	  expected	  soon	




•  ICARUS	  -‐	  T600:1 kton x yr demonstration of LAr purity at 6-7 ms level 
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unprecedented	  neutrino	  event	  image	  quality	  	  	   19	  

ArgoNeuT:	  Argon	  Neutrino	  Test	  
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Run operations stable 
And practically shift-free 

backed by MINOS ND (magnetized calorimeter)

Up0me	  of	  96%	  not	  
including	  2	  week	  

down0me	  for	  off-‐the-‐shelf	  
cryocooler	  failure	  

9 months active (6 months 
physics run) on NuMI beam line 

at FNAL.

ArgoNeuT	  
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m.i.p.	  par9cle	  	  
muon	  	  

dE/dx	  along	  the	  track	  ~	  2	  MeV/cm	  

νµ CC QE event reconstruction 	

(waiting for finalization of automatic) 	


proton	


CC-QE event

Heavy	  ionizing	  ptcl.	  
Proton	  	  

Track	  length=25	  cm	  
Kin.	  Energy	  =194	  MeV	  
(in	  agreement	  with	  	  
expecta0ons	  
	  	  [GEANT-‐Nist	  tables])	  

Preliminary	  

uncorrelated	  tracks	  	  

νµ + n→ µ− + p
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ArgoNeuT	  
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νμ	  CC-Inclusive Cross Sections
arXiv:1111.0103v1	  [hep-‐ex]	  1	  Nov	  2011	  

A	  number	  of	  other	  cross	  sec/on	  analysis	  underway	  now!	  

Josh	  Spitz	  

ArgoNeuT	  
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Conceptual	  Design	  for	  LArTPCs	  for	  underground	  physics	  is	  based	  on	  
extensive	  Engineering	  Development	  program	  



Technical	  Design	  for	  LAr40	  
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Well	  advanced	  design	  for	  underground	  or	  near	  surface	  opera0on	  
Development	  program	  towards	  LAr40	  underway	  

Septum	  with	  LAr	  purifica0on	  system	  
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2-‐20	  kton	  modules	  –	  One	  could	  consider	  phased	  approach	  
and/or	  smaller	  modules	  

(scalable	  design)	  
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Decline	  Tunnel	  
4.5m	  x	  5.5m	  
Air	  supply	  

Cryo	  piping	  
Air	  exhaust	  

Configura0on	  at	  the	  	  
drive	  in	  

800	  [	  level	  



Cross	  sec0onal	  view	  of	  one	  module	  
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C	   C	   C	   C	  A	   A	   A	  

Truss	  cover,	  readout	  racks	  Veto	   Veto	  

Veto	  Veto	  

6	  x	  3.7m	  dri[	  =	  22m	  

Decline	  tunnel	  

16
m
	  

A	  total	  of	  218	  Cathode	  and	  Anode	  “ladders”	  separated	  by	  3.7m	  dri[	  
Hung	  from	  the	  roof	  with	  electronics	  and	  veto	  above	  (and	  on	  the	  side)	  

Full	  coverage	  top	  veto	   7m	  

7m	  7m	  

7m	  
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Membrane	  
Cryostat	  

Moun0ng	  Rails	  

C.	  Bromberg	  (MSU)	  

Cryostat	  is	  a	  “membrane”	  mounted	  
against	  cavern	  walls.	  	  Membrane	  

cryostats	  in	  use	  in	  boats	  carrying	  LNG	  

Prototype	  membrane	  cryostats	  for	  LBNE	  
in	  development	  at	  Fermilab	  

Wire	  chambers	  are	  hung	  from	  the	  top	  
via	  trusses.	  
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Anode	  Plane	  Assembly	  

5mm	  wsp	  

H.	  Jostlein,	  O.	  Prokofiev	  (FNAL)	  
B.	  Yu	  (BNL)	  

5mm	  wire	  spacing	  with	  
wires	  wrapped	  around	  
ladders.	  	  Readout	  at	  the	  

top	  

Light	  collec0on	  via	  photon	  detector	  paddles	  in	  between	  wire	  chamber	  planes	  



LArTPCs	  are	  ideal	  detectors	  for	  electron	  neutrino	  appearance	  
and	  host	  a	  broad	  program	  of	  physics	  beyond	  this	  

(New	  detector	  technologies	  are	  oQen	  transforma9ve!	  	  Who	  knows	  what	  we	  may	  find!)	  

Significant	  progress	  in	  the	  US	  Integrated	  development	  program	  in	  last	  year.	  
Engineering	  development	  needed	  to	  realize	  LAr40	  (D	  but	  not	  R&D)	  
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